The essential oil composition of the aerial parts of four populations of Eryngium campestre has been analyzed by GC and GC/MS. Samples growing in different types of soil were gathered at the same phenological state. A total of 84 compounds have been identified from the different samples under analysis. Qualitative and quantitative differences were found between inflorescences (I) and stems and leaves (SL) of the different populations. The main constituents of the inflorescences were identified as germacrene D (30.3-40.3%), β-curcumene (0.7-22.2%), myrcene (3.0-21.7%) and (E)-β-farnesene (0.1-19.0%). The type of soil seemed to exert an influence on the chemical composition of the oils of this species. Whereas high concentrations of myrcene were found in the populations growing in acid soil, its concentration was significantly lower in the alkaline populations. β-Curcumene concentration was higher in the populations growing in alkaline soil and was practically absent from the acid soil population. Regarding the stems and leaves, only germacrene D (31.1-42.4%) and myrcene (0.5-23.15) were considered as main constituents, their composition not being affected by the type of soil. However, terpenoid distribution was clearly influenced by the soil, with the population growing in acid soil containing a greater amount of monoterpenes than that of the population growing in alkaline soil. A more exhaustive study needs to be carried out in order to confirm if the biosynthesis of these compounds could be influenced by the availability of Ca 2+ in the soil.
only been previously reported for a few of them [5] [6] [7] [8] [9] [10] [11] . We have summarized in previous works [9, 11] the main constituents of the oils of the species studied to date.
With respect to chemical variations, the same species may exhibit different chemical compositions according to its development state, phenology, and individual or population variations. Similarly, different chemotypes have been defined for the seasonal variations of a single species [12] . However, the factors responsible for these differences are yet to be known. This paper is part of our contribution to the knowledge of the chemical composition of Eryngium species. The type of soil is here proposed as a conditional factor on the chemical composition of E. campestre. As far as we know, this is the first report about the essential oil variation of this species.
The different populations analyzed were gathered at the same phenological state, growing in different types of soil in central Spain (Table 1 ). According to the literature [13, 14] , the soil and regolith of populations 1 and 2 was formed by gypsum and marls (alkaline soil), while population 3 was harvested in a river terrace consisting of gravels, arkoses and siliciclastic sands (acid soil). Finally, population 4 grew in a soil with intermediate features formed by clays, marls, polygenic sands and limestones. Table 1 shows the voucher numbers, localities and the oil yield of the different populations of E. campestre analyzed in this work. According to other species of this genus previously studied [5] [6] [7] [8] [9] [10] [11] , E. campestre does not provide high yields of essential oil. The slightly higher volatile content of the inflorescence fractions (I) when compared with that of the stems and leaves (SL) could help in the pollination of this species by insects. According to our results, the type of soil does not show any effect on the essential oil yield of E. campestre. The components identified from the different aerial parts of E. campestre, their retention indices and their percent composition are summarised in Table 2 , where all the compounds are arranged in order of their elution from the DB-1 column, although the retention indices of compounds confirmed on a DB-wax column have also been included. A total of 84 compounds have been identified from the different samples under study.
Although the different populations analyzed showed similar chemical composition, qualitative and quantitative differences were found between I-and SL-fractions. The main constituents of the inflorescences were identified as germacrene D (30.3-40.3%), β-curcumene (0.7-22.2%), myrcene (3.0-21.7%) and (E)-β-farnesene (0.1-19.0%). As all the populations were gathered at the same phenological state and in nearby collection places to be affected by the same climatic conditions, the variability found in their chemical composition [particularly in β-curcumene, myrcene and (E)-βfarnesene contents] was thought to be associated with the type of soil. Myrcene was found at high concentrations in the population growing in acid soil (I3), its concentration being significantly lower in the populations growing in alkaline soil (I1-2), and intermediate in population I4. β-Curcumene was, on the contrary, higher in the alkaline populations (I1-2) and practically zero in the acid one (I3). With respect to the stems and leaves, only two compounds were considered as main constituents, germacrene D (31.1-42.4%) and myrcene (0.5-23.1%), their concentrations not being affected by the type of soil.
However, the major differences between populations can be appreciated in the terpenoid distribution ( Figure 2 ). Sesquiterpenes predominated over monoterpenes in the oils of both the inflorescences and stems and leaves, regardless of the populations considered. These results agree with data reported for most of the species of this genus previously studied [5] [6] [7] [8] [9] [10] [11] . It is worth noting, however, that the terpenoid distribution could be affected by the type of soil. Significant differences were detected between alkaline and acid soils. The inflorescence samples growing in alkaline soils (I1-2) showed sesquiterpenes accounting for more than 90% of their composition.
Although sesquiterpenes were also predominant (68.9%) in the population growing in acid soil (I3), the amount of monoterpenes was significantly higher (31.1%) in comparison to the alkaline samples (5.2-6.8%). The last population (I4) exhibited an intermediate pattern, sesquiterpenes as major compounds (87%), but monoterpenes with a percentage composition higher than 10%. The stems and leaves fractions presented a similar composition, but the differences were not as clear as in the inflorescence fractions.
These differences could be a result of E. campestre being a perennial species. During the non-flowering period, compounds whose synthesis is favored in a certain type of soil have time to be metabolized into new ones, and, therefore, differences associated with the type of soil are reduced. Nevertheless, during the flowering period, the plant has not time to achieve this, so the chemical composition of the inflorescences are greatly affected by the type of soil. Although this is only an hypothesis, the biosynthesis of terpenoids in this species could be influenced by the availability of Ca 2+ in the soil.
Similar studies are currently being carried out under controlled experimental conditions and in vitro cultures to test this hypothesis.
Experimental
Plant material: Four different populations of Eryngium campestre were gathered at the flowering state in four different places close to Madrid (Spain) during the spring of 1998. A voucher specimen of each population has been lodged at the Herbarium of the Faculty of Biology, Complutense University, Madrid, Spain.
Isolation of volatile oil:
Essential oils from the aerial air dried parts of E. campestre were isolated by A preliminary study on the effect of the soil… Natural Product Communications Vol. 3 (7) 2008 1125 steam distillation for 8 h according to the method recommended in the Spanish Pharmacopoeia [15] . The oils were dried over anhydrous magnesium sulfate and stored at 4ºC in the dark. The yield of the different parts, based on dry weight, appears in Table 1 .
Gas chromatography (GC):
The analytical GC was carried out on a Varian 3300 gas chromatograph fitted with a fused methyl silicone DB-1 column (50 m x 0.25 mm, 0.25 μm film thickness). Temperature was programmed from 95º-240ºC at 4ºC min -1 . Injection was performed at 250ºC in the split mode (1:100). Nitrogen was used as the carrier gas (1.5 mL min -1 ). Detection was performed by FID at 300ºC. Injection volume for all the samples was 0.1 μL of pure oil.
Gas chromatography-mass spectrometry (GC-MS):
GC-MS was carried out on a Hewlett-Packard 5890 gas chromatograph fitted with a fused silica SE-30 capillary column (50 m x 0.25 mm, 0.25 μm film thickness), coupled to a HP 5971A mass selective detector. Column temperature was programmed from 70º-220ºC at 4ºC min -1 , and helium was used as carrier gas (1 mL min -1 ). EI MS were recorded at 70 eV, scanning in the 35-450 m/z range. In order to confirm the identification of some compounds, the oil samples were also analyzed on a VG Quattro mass spectrometer. Operating conditions other than the column (DB-Wax, 60 m x 0.32 mm, 0.25 μm) and oven temperature program (from 35° to 220°C at 3°C/min) were identical to those previously described for GC-MS analysis using a non-polar column.
Qualitative and quantitative analyses:
Most constituents were tentatively identified by GC by comparison of their retention indices with those of authentic standards available in the author's laboratory or from literature retention indices [16] [17] [18] [19] [20] . Further identification was achieved by GC-MS: the fragmentation patterns of the mass spectra were compared with those stored in the spectrometer data base using the WILEY.L built-in library. Other constituents were either synthesised or identified in oils of known composition. Semi-quantitative analysis was carried out directly from peak areas in the GC profile.
